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01. INTRODUCTION 
BRAIN
Brain  is  the  highest  co-coordinating  and  integrating  centre  of  the  central 
nervous system. Brain lies in cranial cavity of the skull. The brain controls the other 
organ systems of the body, either by activating muscles or by causing secretion of 
chemicals such as hormones. This centralized control allows rapid and coordinated 
responses  .brain constitutes  about  one-fiftieth  of the body.The brain can perform 
variety of function  automatically ,such as  walking ,blood pressure fluid balance and 
body temperature. 
   Fig1. HUMAN BRAIN 
      
                                             
MENINGES
Duramater
The duramatter is a thick, durable membrane, closest to the skull. It consists of 
two layers, the periosteal layer, closest to the calvaria and the inner meningeal layer. 
The  duramatter  surrounds  and  supports  the  large  venous  channels  (dural  sinuses) 
carrying blood from the brain toward the heart.
Arachnoid membrane
The middle  element  of  the  meninges  is  the  arachnoid  mater.  The arachnoidmater 
exists as a thin, transparent membrane. It is composed of fibrous tissue and, like the 
pia mater, is covered by flat cells also thought to be impermeable to fluid.
Pia mater
Piamater  is  a  very delicate  membrane.  It  is  the meningeal  envelope  which firmly 
adheres to the surface of the brain andspinalcord . As such it follows all the minor 
contours of the brain(gyri andsulci). The subarachnoid is the space which normally 
exists  between the  arachnoid  and the piamatter  which  is  filled  with  cerebrospinal 
fluid.
CEREBROSPINALFLUID(CSF)
This  fluid  is  a  clear  ,  colourless  liquid  secreted  by  the  choroidplexus  of  the 
lateral,third and fourth ventricles of brain. The total volume of the fluid in man varies 
from100to150ml and the rate of formation is about is about 20ml per hr.CSF is a 
special filtrate of blood plasma, but it differ from the blood plasma in its composition.
Function
1. It acts as a protective covering for central nervous system
2. It acts as a shock absorber
3. It acts as a mechanical buffer
REGIONS OF BRAIN
Telencephalon    cerebrum
Diencephalon       Thalamus,hyphothalamus,pituitary gland
Metencephalon     cerebellum and pons
Myelencephalon   medulla oblongata
Mesencephalon     corpora quadrigemina,superiorcolliculi,inferior colliculi
Fig2 parts of brain
TELENCEPHALON
CEREBRUM
This is the largest part of the brain and it occupies the anterior and middle cranial 
fossae.It is divided by a deep cleft ,the longitudinal cerebral fissure ,into right and left 
cerebral hemisphere ,each containing one of the lateral ventricles .Deep with in brain 
the hemisphere are connected by a mass of white matter  i.e corpouscallosum..The 
superficial part of cerebrum is composed of nerve cell bodies or grey matter,forming 
the cerebralcortex ,and the deeper layer consist of nerve fibres or white matter.
The cerebralcortex shows many infoldings or furrows of varying depth.The exposed 
area of the folds are the gyri or convolutions and these are seperated  by sulci.These 
convolutions greatly increase the surface of the cerebrum(1)
DIFFERENT LOBES OF BRAIN
    
FIG3 LOBES OF BRAIN
CEREBRAL LOBES
Frontal lobe – helps control skilled muscle movements, mood,
Planing for the future , setting and  judging priorities
Parietal lobe   – receives and processes information about temperature,
taste, touch, and movement coming from the rest of the body.
Temporal lobe – processes hearing, memory and language functions
Occipital lobe  – helps  process  visual  information  ing  and  arithmetic  are  also 
processed in this region.
DIENCEPHALON
THALAMUS
The thalamus consists of two masses of nerve cells and fibres situated  with in 
the cerebral hemisphere  just  below  the corpus Callosum, one on each side  of third 
ventricles .sensory input from the skin ,viscera and special sence organ  is relayed  to 
the thalamus before  redistribution to the cerebrum.
HYPOTHALAMUS
The  hypothalamus  is  composed  of  a  number  of  group  of  nerve  cells.It  is 
situated below and in front of the thalamus ,immediately above the pituitary gland 
.The hyphothalamus is linked to the posterior lobe of the pitutarygland by nerve fibres 
and to the anterior lobe by a complex system of  blood vessels  the hypothalamus 
controls the output of hormones from both lobes of the gland.
MESENCEPHALON
The mid brain is a part of brain stem ,which connects the fore brain with hind 
brain. The midbrain consist of two halves called the cerebral penduncle which are 
united across the midline in their dorsal parts ,but seprated by a notchventrally. The 
mid brain possesses four spherical swellings called corpora quadrigemina which are 
centre for  control of balance and optical orientation .There are also many nerve tracts 
connecting higher and lower portion of central nervous system
Thecorporaquardigemina   ("quadruplet  bodies")  are  four  solid  optic  lobes  on  the 
dorsal  side  of  cerebral  aqueduct,  where  the  superior  posterior  pair  are  called  the 
superiorcolliculi  and the inferior posterior pair are called the inferior colliculi. 
METENCEPHALON
CEREBELLUM
The cerebellum is a region of the brain that plays an important role in motor 
control. It is also involved in some cognitive functions such as attention and language, 
and  probably  in  some  emotional  functions  such  as  regulating  fear  and  pleasure 
responses,  but  its  function  in  movement  is  the  most  clearly  understood.  The 
cerebellum does not initiate movement, but it contributes to coordination, precision, 
and accurate timing. It receives input from sensory systems and from other parts of 
the  brain  and spinal  cord,  and integrates  these inputs  to  fine  tune  motor  activity.  
Because  of  this  fine-tuning  function,  damage  to  the  cerebellum  does  not  cause 
paralysis but instead produces disorders in fine movement, equilibrium, posture and 
motor learning.
MYELENCEPHALON
MEDULLA OBLANGATA
The  medulla  oblongata is  the  lower  half  of  the  brainstemThe  medulla 
contains  the  cardiac,respiratory  ,  vomitting  and  vasomotor  centers  and  deals  the 
ponswith autonomic functions, such as breathing, heart rate and blood pressure .
PONS
The pons is located in the brainstem, vertically between the midbrain and the 
medullaoblongata  and sagittally between the cerebellum and the pituitarygland. It is 
responsible for serving as a bridge between thecerbellum, and themedullaoblongata. 
The origins of the fifth through eighth cervical.
BLOOD BRAIN BARRIER
The main function of the blood-brain barrier  (BBB) is  to protect  the brain 
from changes  in  the levels  in  the blood of  ions,  amino acids,  peptides,  and other 
substances. The barrier is located at the brain blood capillaries, which are unusual in 
two  ways..  These  junctions  prevent  water-soluble  substances  in  the  blood  from 
passing between the cells and therefore from freely entering the fluid environment of 
the brain cells. Secondly, these capillaries are enclosed by the flattened ‘end-feet’ of 
astrolytic cell
FUNCTION OF BRAIN
The brain has three main parts, the cerebrum, the cerebellum, and the brain 
stem. The brain is divided into regions that control specific functions.
THE CEREBRUM
Frontal Lobe
1. It  responsible  for  variety  of  function  such  as  Behavior,  Problem  solving, 
Attention 
2. It Coordination of movements such as eye movement, muscle movements
3. It is responsible for sense of smell,
4. It is responsible  for physical reaction and sexual urges 
Occipital Lobe
1. Occipital lobe may perform  part of vision
2. It is responsible for reading
 Parietal Lobe
1. It is responsible for Sense of touch 
2. It response to internal stimuli 
3. Sensory combination and comprehension
4. Some language and reading functions
5. Some visual functions
Temporal Lobe
1. It is responsible for Auditory memories
2. It  is  responsible  forVisual  memories,and  other  memories  music,  fear,some 
speech and emotional behaviour and sense of identity 
Right Hemisphere (the representational hemisphere)
1. The right hemisphere controls the left side of the body
2. Temporal and spatial relationships
3. Analyzing nonverbal information
4. Communicating emotion
Left Hemisphere (the categorical hemisphere)
1. The left hemisphere controls the right side of the body
2. Produce and understand language
Corpus Callosum
1. Communication between the left and right side of the brain 
THE CEREBELLUM
2. cerebellum is responsible for Balance of the body.
3. It is responsible for Posture
4. It is responsible for maintance of Cardiac, respiratory, and vasomotor centers
THE BRAIN STEM
1. Motor and sensory pathway to body and face
2. Vital centers: cardiac, respiratory, vasomotor
 Hypothalamus
1. It is responsible for Moods and motivation
2. It is responsible for Sexual maturation
3. It is responsible for temperature regulation
4. It is responsible for Hormonal body processes
 Optic Chiasm
1. It is responsible for Vision and the optic nerve.
 Pituitary Gland
      1.    It is responsible for Hormonal body processes.
      2.    It is responsible for Physical maturation, growth.
      3.    It can performe Sexual maturation and functioning.
Spinal Cord
1. It is responsible for source of sensation and movement
Ventricles and Cerebral Aqueduct
      1.   It Contains the cerebrospinal fluid that bathes the brain and spinal cord2
BRAINCELLS
The brain and spinal cord are made up of many cells, including neurons and 
glial  cells. Neurons are cells  that send and receive electro-chemical signals to and 
from the brain and nervous system. There are about 100 billion neurons in the brain. 
There are many more glial cells; they provide support functions for the neurons, and 
are far more numerous than neurons.
FIG4 STRUCTURE OF NEURON
The  neuron  consists  of  a  cell  body  (or  soma) with  branching  dendrites 
(signal receivers) and a projection called an axon, which conduct the nerve signal. At 
the other end of the axon, the  axon terminals transmit the electro-chemical signal 
across a  synapse (the gap between the axon terminal  and the receiving cell).  The 
axon, a long extension of a nerve cell, and take infromation away from the cell body. 
Bundles of axons are known as nerves or, within the CNS (central nervous system), as 
nerve tracts or pathways. Dendrites bring information to the cell body.
Myelin coats and insulates the axon  increasing transmission speed along the axon. 
Myelin is manufactured by Schwann's cells.
The  cell body (soma) contains the neuron's nucleus Dendrites branch from the cell 
body and receive messages.
A typical neuron has about 1,000 to 10,000 synapses it communicates with muscle 
cells, glands .
DIFFERENT TYPES OF NEURONS
Sensory neurons or Bipolar neurons carry messages from the body's sense 
receptors (eyes, ears, etc.) to the CNS. 
Motoneurons  or  Multipolar  neurons carry  signals  from the  CNS to  the 
muscles and glands. These neurons have many processes originating from the cell 
body.. (Examples are spinal motor neurons, pyramidal neurons, Purkinje cells.)
Interneurons or Pseudopolare  (Spelling)  cells form all  the  neural  wiring 
within the CNS. These have two axons (instead of an axon and a dendrite). One axon 
communicates with the spinal cord; one with either the skin or muscle. 
LIFE SPAN OF NEURONS
Unlike most other cells, neurons cannot regrow after damage (except neurons 
from the hippocampus). Fortunately, there are about 100 billion neurons in the brain.
GLIAL CELLS 
Glial cells make up 90 percent of the brain's cells. Glial cells are nerve cells 
that  don't  carry nerve  impulses.  The various  glial  (meaning  "glue")  cells  perform 
many  important  functions,  including:  digestion  of  parts  of  dead  neurons, 
manufacturing  myelin  for  neurons,  providing  physical  and  nutritional  support  for 
neurons,  and  more.  Types  of  glial  cells  include  Schwann's  Cells,  Satellite  Cells, 
microgalia, Oligodendroglia, and Astroglia.
Neuroglia (meaning "nerve glue") are the another type of brain cell.  These 
cells guide neurons during fetal development.
                      
Fig5Anatomy of the Brain
The limbic system consists of a number of structures, including the fornix, 
hippocampus, Amygdale Cingulate gyrus, the parahippocampal gyrus and parts of the 
thalamus. The hippocampus is one of the first areas affected by Alzheimer’s disease.
Amygdala –  limbic  structure  involved  in  many  brain  functions,  including 
emotion,  learning  and  memory.  It  is  part  of  a  system  that  processes  “reflexive” 
emotions like fear and anxiety.
Cingulate gyrus – plays a role in processing conscious emotional experience.
Fornix – an arch-like structure that connects the hippocampus to other parts of the 
limbic system.
Medulla oblongata – contains centers for the control of vital processes such 
as heart rate, respiration, blood pressure, and swallowing.
Limbic system – a group of interconnected structures that mediate emotions, 
learning and memory.
Parahippocampal gyrus – an important  connecting pathway of the limbic 
system. Pons –  contains  centers  for  the  control  of  vital  processes,  including 
respiration and cardiovascular functions. It also is involved in the coordination of eye 
movements and balance.3
Limbic system
HIPPOCAMPUS
FIG 6 STRUCTURE OF HIPPOCAMPUS
The hippocampus is consist of 40 million nerve cells. The hippocampus is a 
major  component  of  the  brainof  human  and  other  mammals.  It  belongs  to  the 
limbicsystem and plays important roles in long term memory and spatial navigation 
Like the   cerebralcortex, with which it is closely associated, it is a paired structure, 
with mirror-image halves in the left and right sides of the brain. In humans and other 
primates,  the  hippocampus  is  located  inside  themedial  temporallobe  ,  beneath  the 
cortical surface. In rodents, the hippocampus has been studied extensively as part of 
the brain system responsible for spatial memory and navigation. Many neurons in the 
rat and mouse hippocampus respond asplacecells:. Hippocampal place cells interact 
extensively with head direction cells whose activity acts as an inertial compass, and 
with gridcells in the neighboring entorhinal cortex.
Function
It  plays  a  significant  role  in  the  formation  of  long-term  memories.  The 
hippocampus in the right hemisphere of the brain is concerned with visual, emotional, 
tactile, and nonverbal memories.4 
02. OXIDATIVESTRESS
Oxidative Stress (OS) is the steady state level of oxidative damage in a cell, 
tissue,  or organ, caused by the  reactive oxygen species (ROS).  Oxidative stress is 
implicated  as  one  of  the  primary  factors  that  contribute  to  the  development  of 
neurodegenerative  diseases  like,  Alzheimer’s  Parkinsonism  and  neurological 
conditions like epileptic seizures, stroke, brain damage, neurotrauma, hypoxia etc The 
highest degree of oxidative damage usually occurs in organs like brain,.5
 The central nervous system shows increased susceptibility to oxidative stress 
because  of  its  high  oxygen  consumption  rate  that  accounts  for  the  increase  in 
generation of oxygen free radicals  and reactive oxygen substances like superoxide 
radical (O2), single oxygen (O2), H2O2 and hydroxyl radical (OH)6.. Normally the 
balance  is  maintained  between  the  oxidative  attack  of  the  free  radicals  and  the 
antioxidative defense system prevailing in the cells and tissues of our body Oxidative 
stress occurs when the generation of ROS in a system exceeds the system’s ability to 
neutralize and eliminate them. The imbalance can result from a lack of antioxidant 
capacity caused by disturbance in production, distribution, or by an over-abundance 
of  ROS  from  an  behavioral  stressor.  The  blood  brain  barrier(BBB)prevents  the 
entrance of circulating molecules  and immune cells  in central  nervous system.The 
barrier is formed by specialized brain endothelialcells that are interconnected by tight 
junctions(TJ).  A  defective  function  of  the  BBB  responsible  for  a  variety  of 
neuroinflammatory  diseases,  indicating  that  proper  regulation  is  essential  for 
maintaining brain homeostasis. (7)
Brain ischemia initiates a metabolic events, which involve the generation of 
nitrogen and oxygen free radicals. These free radicals and related reactive chemical 
species mediate much of damage that occurs after transient brain ischemia,.  Nitric 
oxide, a water- and lipid-soluble free radical, is generated by the action of nitric oxide 
synthases. (8) The generation of reactive oxygen species, evidence for a disturbance of 
glutathione  homeostasis  that  may  either  lead  to  from  oxidative  stress  in 
neurodegenerative disorders. Glutathione is an important intracellular antioxidant that 
protects against a variety of different antioxidant species Because glutathione does not 
cross the blood-brain barrier and increase brain concentrations of glutathione .(9) Basal 
levels of LPO products measured as malondialdehyde increased gradually with age in 
mouse brain homogenate.. (10) neuronalapoptosis  in neurodegenerative disorders may 
be triggered  by oxidative  stress,  metabolic  compromise  and disruption of  calcium 
homeostasisDegeneration and death of neurons is the fundamental process responsible 
for  the  clinical  manifestations  of  many  different  neurological  disorders  of  aging, 
incuding Alzheimer’s disease, Parkinson’s disease.(11)
oxidative damage in different brain regions., and its antioxidant activities were 
measured in hippocampus,  cortex and striatum. Oxidative damage in hippocampus 
was maximal at late stages after ischemia coincident with a significant impairment in 
glutathione homeostasis. (12) Glutamate-induced excitotoxicity involving the formation 
of reactive oxygen species (ROS) has been implicated in neuronal dysfunction and 
cell  loss  following  ischemic  and  traumatic  injury  to  the  central  nervous  system 
(CNS).). The brain is particularly susceptible to oxidative insults  and is, therefore, 
very dependent on its glutathione content, especially during development, when brain 
metabolism and growth are maximal.  In addition,  various pathologies affecting the 
nervous  system involve oxidative  stress,  possibly  associated  with  a  diminution  in 
glutathione levels. (13) 
Oxidative damage in brain
Brain  injury  induced  in  rats  caused  a  marked  elevation  in  extracellular 
glutamate and aspartate . This increase in excitatory amino acids was related to the 
severity of the injury and was associated with a reduction in cellular bioenergetic state 
and intracellular  free magnesium. Treatment  with the noncompetitive N-methyl-D-
aspartate  (NMDA)  antagonist  dextrophan  or  the  competitive  antagonist  3-(2-
carboxypiperazin-4-yl)propyl-1-phosphonic  acid  limited  the  resultant  neurological 
dysfunction; dextrorphan treatment also improved the bioenergetic state after trauma 
and increased the intracellular free magnesium. (14) 
Stress  may  contribute  to  aging  acceleration  and  age-related  degenerative 
diseases. Stress and adaptation to stress require numerous homeostatic adjustments 
including  hormones,  neurotransmitters,  oxidants,  and  other  mediators.  The  stress-
induced  hormones,  neurotransmitters,  and  oxidants  all  have  beneficial,  but  also 
harmful effects if out of balance. Therefore, the homeostasis of stress and adaptation 
should be governed by the hormone balance,  neurotransmitter  balance and oxidant 
balance, as well as the interactions among these substances. The imbalance and the 
over-interaction of these balances may ultimately cause increased oxidant generation 
and oxidative damage to biomolecules. This increased oxidative damage may add to 
the  oxidant  with  normal  aerobic  metabolism,  which  in  itself,  generates  oxidants, 
causes accumulation of oxidative damage in mitochondria, and contributes to normal 
aging.  Therefore,  the  stressassociated  increase  of  oxidative  damage  may,  in  part, 
contribute to stress-associated aging acceleration and age-related neurodegenerative 
diseaseas (15).
There  is  substantial  evidence  that  mitochondrial  dysfunction  and oxidative 
damage  may  play  a  key  role  in  the  pathogenesis  of  neurodegenerative  disease. 
Evidence supporting this in both Alzheimer's and Parkinson's diseases is continuing to 
accumulate. the increasing evidence for a role of both mitochondrial dysfunction and 
oxidative damage in contributing to beta-amyloid deposition in Alzheimer's disease. 
(16)
Cellular  oxidative  injury  has  been  implicated  in  aging  disorders  including 
ischemia-reperfusion  injury;  neurodegenerative  diseases;  diabetes;  inflammatory 
diseases such as atherosclerosis,  arthritis,  and hepatitis;  and drug-induced toxicity.. 
some of the antioxidants do not reach the relevant sites of free radical generation, 
especially if mitochondria are the primary source of reactive oxygen species (ROS). 
The SS (Szeto-Schiller) peptide antioxidants represent a novel approach with targeted 
delivery of antioxidants to the inner mitochondrial membrane. The structural motif of 
these  SS peptides  centers  on  alternating  aromatic  residues  and basic  amino  acids 
(aromatic-cationic peptides). These SS peptides can scavenge hydrogen peroxide and 
peroxynitrite and inhibit lipid peroxidation. Their antioxidant action can be attributed 
to the tyrosine or dimethyltyrosine residue. By reducing mitochondrial  ROS, these 
peptides inhibit mitochondrial permeability transition and cytochrome c release, thus 
preventing oxidant-induced cell death (17)
03. BRAIN OXIDATIVE STRESS DISORDER
Parkinson’s diseases
The cause of dopamine cell death in Parkinson's diseases. Present interest centres on the possible  
involvement of a toxin mediated mechanism such as that produced, by MPTP. In post-mortem studies  
there  is  evidence  in  the  substantia  nigra  for  an  on-going  toxic  process  involving  increased  lipid 
peroxidation,  altered  iron  metabolism  and  impairment  of  mitochondrial  function  at  the  level  of 
complex I. oxidative stress as an important factor contributing to neuronal loss. Altered mitochondrial 
function and increased iron levels may not initiate Parkinson's disease but rather act to accelerate cell 
death. (18)
1. Alzheimer's disease
In Alzheimer's disease (AD) brain oxidative stress is observed which are protein 
carbonyls  and  3-nitrotyrosine,  markers  for  protein  oxidation.Identity  of  these 
oxidatively modified  proteins  would lead to  greater  understanding of  some of  the 
potential molecular mechanisms involved in neurodegeneration disorder. Proteomics 
is  an  emerging  method  for  identification  of  proteins,  and  its  application  to 
neurodegenerative disorders, especially AD,. Posttranslational modification of brain 
proteins, particularly that due of oxidation of proteins, provides an effective means of 
screening  a  subset  of  proteins  within  the  brain  proteome  that  likely  reflects  the 
extensive oxidative stress under which the AD brain exists, and this new methodology 
provides insights into mechanisms of neurodegeneration. (19)
Oxidative Stress in the Pathogenesis of Diabetic Neuropathy
Oxidative stress results form a cellor tissue failing to detoxify  the free radicals that are pr 
oduced during metabolic activity. Diabetes is characterized by chronic hyperglycemia that produces 
dysregulation of cellular metabolism. In diabetes neuropathy overloads glucose metabolic pathways, 
resulting in excess free radical production and oxidative stress.  hyperglycemia cause oxidative stress in 
the peripheral nervous system that can promote the development of diabetic  neuropathy. Proteins that 
are  damaged  by  oxidative  stress  have decreased  biological  activity  leading  to  loss  of  energy 
metabolism, cell signaling, transport, and, ultimately, to cell death. (20)
04. ANTIOXIDANTS
Free radicals play an important role in a number of biological processes which are 
necessary for life such as intracellular cells such as granulocytes and macrophages. 
Free radicals have also implicated in certain cell signalling processesAn antioxidant 
is a molecule capable of slowing or preventing the oxidation of other molecules. 
Oxidation is a chemical reaction that transfers electrons from a substance to an 
oxidizing agent. Oxidation reactions can produce free radicals, which start chain 
reactions that damage cells. (21) Antioxidants terminate these chain reactions by 
removing free radical intermediates, and inhibit other oxidation reactions by being 
oxidized themselves. As a result, antioxidants are often reducing agents such as 
thiols, ascorbic acid or polyphenols.oxygen are due to the formation and activity of 
a number of chemical compounds, known as reactive oxygen species. Reactive 
species are free radicals and have a surplus of one or more free-floating electrons 
rather than having matched pairs and are, therefore, unstable and highly reactive. 
Types of free radicals include the hydroxyl radical (OH.), the superoxide radical (O.2), 
the nitric oxide radical (NO.) and the lipid peroxyl radical (LOO.). Nitric oxide in 
neurotransmission and the production of O2*- by activated microglia. Because of its 
high ATP demand, the brain consumes O2 rapidly, and is thus susceptible to 
interference with mitochondrial function, which can in turn lead to increased O2*- 
formation. The brain contains multiple antioxidant defences, of which the 
mitochondrial manganese-containing superoxide dismutase and reduced glutathione 
seem especially important. Iron is a powerful promoter of free radical damage, able to 
catalyse generation of highly reactive hydroxyl, alkoxyl and peroxyl radicals from 
hydrogen peroxide and lipid peroxides (22) Reactive oxygen metabolites (ROM), 
namely superoxide and hydroxyl free radicals and hydrogen peroxide, are produced as 
a consequence of the physiological metabolic reactions and functioning of the central 
nervous system. ROM have also been implicated in the aetiopathogenic processes of a 
number of pathological conditions of the brain. While primarily indirect, evidence for this view is 
accumulating, and credence for the participation of free radical oxidative interactions in promoting 
tissue injury in such conditions as brain trauma, ischaemia, and toxicity, and in neurodegenerative 
diseases such as Parkinson's disease, Alzheimer mer's dementia, multiple sclerosis (23) the 
molecule with only one unpaired electron. Within the mitochondria O2- · is 
continuously being formed. The rate of formation depends on the amount of oxygen 
flowing through the mitochondria at any given time. Hydroxyl radicals are short-
lived, but the most damaging radicals within the body. This type of free radical can be 
formed from O2- and H2O2 via the Harber-Weiss reaction. The interaction of copper 
or iron and H2O2 also produce OH · as first observed by Fenton.. Glutathione 
peroxidase is essential for the conversion of glutathione to oxidized glutathione, 
during which H2O2 is converted to water If H2O2 is not converted into water 1O2 is 
formed free radicals in a biological system, free radical-induced damage, and protects 
against the indirect effects of free radicals, glutathione, SOD, transferrin, vitamins A, 
C, E    
LIPID PEROXIDATION
Polyunsaturated fatty acids (PUFAs) are abundant in cellular membranes and in low-density 
lipoproteins (LDL))The PUFAs allow for fluidity of cellular membranes. A free radical prefers to steal  
electrons from the lipid membrane of a cell, initiating a free radical attack on the cell known as lipid 
peroxidation. Reactive oxygen species target the carbon-carbon double bond of polyunsaturated fatty 
acids.
Stabilize  the  carbon-centered  free  radical  molecular  rearrangement  occurs.  The  arranged 
molecule is called a conjugated diene (CD). The CD then very easily reacts with oxygen to form a 
proxy radical.  The proxy radicalsteals  an electron  from another  lipid molecule  in  a  process  called 
propagation propagation. This process then continues in a chain reaction(24)
Lipid  peroxidation  is  initiated  by  free  radical  attack  on  a  double  bond 
associated with a polyunsaturated fatty acid (PUFA). This results in the removal of a 
hydrogen atom from a methylene (CH2) group, the rate of which determines the rate 
of initiation,  a key step.  Molecular  rearrangement  of the resulting unstable  carbon 
radical  results  in a more stable configuration,  a conjugated diene.  The conjugated 
diene reacts very quickly with molecular oxygen, and the peroxyl radical thus formed 
is a crucial intermediate A PUFA peroxyl radical in LDL may abstract a hydrogen 
atom from an adjacent PUFA to form a hydroperoxide and another lipid radical, a 
reaction  which  results  in  chain  propagation.  Removal  of  hydrogen  atoms  by  the 
peroxyl radical from other lipids, including cholesterol, eventually yields oxysterols. 
Lipid  hydroperoxides  fragment  to  shorter-chain  aldehydes,  including 
malondialdehyde and 4-hydroxynonenal.. LDL receptor recognizes a specific domain 
of positive charges from lysine,  arginine and histidine residues on apo B. receptor 
specific domain of positive charges from lysine,  arginine and histidine residues on 
apo B. receptor. The susceptibility of LDL to oxidation in vivo is influenced by both 
LDL composition (intrinsic factors) and the microenvironment in which the LDL is 
found (extrinsic factors). Among the intrinsic factors, the fatty acid composition of 
LDL  is  of  prime  importance;  a  high  proportion  of  PUFAs  confers  greater 
susceptibility to oxidation,  while a high proportion of monounsaturated fatty acids 
protects against oxidation (25,26 ) 
FIG 5, FREE RADICALMECHANISM OF LIPID 
PEROXIDATION
05 ANTIOXIDANT IN OXIDATIVESTRESS
The neuroprotective effect of maltol on oxidative damage in the brain of mice 
challenged with kainic acid. neurobehavioral activities were monitored. In addition, 
biomarkers of oxidative stress and neuronal loss in hippocampus for the biochemical 
and.  kainic  acid  alone  induced  severe  epileptiform  seizures,  causing  a  lethality 
injuries of pyramidals cells in hippocampus of mice survived the challenge. Kainic 
acid  exposure  also  resulted  in  marked  decreases  in  total  glutathione  level  and 
glutathione  peroxidase  activity,  and  an  increase  in  thiobarbituric  acid-reactive 
substances (TBARS) value in brain tissues39(27) oxidative stress in the pathogenesis of 
Alzheimer's  disease  (AD),  Plays  the  role  of  free  radicals  in  Mild  Cognitive 
Impairment  (MCI).  decrease  of  the  main  components  of  the  antioxidant  defense 
system in  oxidative  stress.  existing  evidence  of  the  early  occurrence  of  oxidative 
processes in the development of dementing disorders of the Alzheimer. The increased 
oxidative  stress  resulted  in  an  increased  in  the  activity  of  antioxidant  enzymes 
observed in cortex, striatum in the acute malathion protocol and hippocampus in the 
chronic malathion protocol. malathion induced oxidative stress and modulated activity 
in selective brain regions. (28)
The levels of reactive oxygen species (ROS) were also determined in different 
rat  tissues.  Both  the  levels  of  nonenzymatic  antioxidants  and  the  activities  of 
enzymatic antioxidants  in rat brains . Increased levels of OH8dG, MDA, and ROS 
were found in the brains of ACN-treated rats. Decreased levels of GSH and a Brain is 
susceptible to oxidative stress and it is associated with age-related brain dysfunction. 
Previously, we have pointed out a dramatic decrease of glutathione levels in the rat 
brain after acetaminophen (APAP) oral administration overdose. Silymarin (SM) is a 
mixture,  employed  usually in  the treatment  of  alcoholic  liver  disease and as anti-
hepatotoxic agent in humans. In this study, we have evaluated the effect of SM on 
enzymatic and non enzymatic antioxidant defensive systems in rat brain after APAP-
induced damagectivities  of catalase and SOD were also observed in the brains of 
ACN-treated rats.
The generation of reactive oxygen species (ROS) and resultant oxidative stress 
has  been  implicated  in  the  mechanism  of  brain  dysfunction  due  to  age-related 
neurodegenerative diseases. efficacy of glutathione monoester (GME) on glutathione, 
ROS, superoxide anion production, lipid peroxidation (LPO), protein carbonyls, thiol 
status, oxidative DNA damage products such as 8-hydroxy deoxy guanosine and DNA 
protein cross-links in discrete brain regions of young and aged rats. An age associated 
increase  in  ROS,  superoxide  anion production, LPO,  protein  oxidation,  and DNA 
damage  products  in  cortex,  striatum, and  hippocampus  was  observed  which  was 
reversed by GME. Contradictorily,  a decline in the levels of glutathione, total thiol, 
and nonprotein and protein thiols was observed which was also reversed upon GME 
administration inhibits free radical–induced oxidation Neuroinflammatory processes, 
induced  in  part  by pro-inflammatory cytokines,  yield  enhanced  ROS and  reactive 
nitric oxide species (RNS) as well as other unknown components that have neurotoxic 
properties.
Neurotoxic amounts of RNS are formed by the activity  of inducible nitric  oxide synthase 
(iNOS).  The  demonstration of  enhanced  3-nitro-tyrosine  formation  in  affected  regions  of  the 
Alzheimer's  brain,  in  comparison  to  age-matched  controls,  reinforces  the  importance  of 
neuroinflammatory  processes.  iNOS induction  involves  activation  by phosphorylation  of  the  MAP 
kinase p38 and can be induced in cultured astrocytes by IL-1ß or H2O2. The action of PBN and N-
acetyl  cysteine  to  suppress the  activation  of  p38  was  demonstrated  in  cultured  astrocytes.  The 
demonstration of  activated  p38 in neurons  surrounding amyloid  plaques  in  affected  regions  of  the 
Alzheimer's brain attest to enhanced signal transduction processes in this neurodegenerative condition 
ive macromolecular damage in aged rats and thereby protects the brain from ROS. (29)
06. CHEMICAL INDUCED NEUROTOXICITY
N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine  (MPTP)  in  rats  causes  damage  to  the 
nigrostriatal  dopaminergic  pathway  similar  to that  observed  in  Parkinson's  disease.  It  has  been 
suggested that the mechanism by which MPTP kills dopamine (DA) neurons involves an energy  crisis 
due to the inhibition of  mitochondrial  complex I.  In  addition,  superoxide radicals  (O2-),  generated 
subsequent  to  the  blockade  of mitochondrial  complex  I,  may also  be  involved  in  MPTP-  induced 
neurotoxicity. Superoxide dismutase (SOD) is a scavenger enzyme that protects cells from the hazard 
of O2- radicals. the role of O2- radical in MPTP-induced toxicity, we tested the effects of MPTP in 
transgenic mice with increased SOD activity. MPTP to the brain is reduced brain biotransformation of  
MPTP to N-methyl-4- phenylpyridinium ion (MPP+), to diminished striatal  mitochondrial monoamine 
oxidase B activity, to decreased synaptosomal  uptake of MPP+, to lower potency of MPP+ to inhibit 
the complex I of the mitochondrial electron transport chain, or to faster brain elimination of MPP+. 
-induced neurotoxicity. Thus, this study provides further evidence that  some of the deleterious effects 
of MPTP may be mediated by O2- radicals. The similarity between the MPTP model and Parkinson's 
disease further raises the possibility that oxy-radicals may play a significant role in neurotoxicity 
Reduced Glutathione Protects  against  Cisplatin-induced  Neurotoxicity in  Rats  (30)  Reduced 
glutathione (GSH) is reported to diminish cisplatin-induced neurotoxicity, and it was for this reason 
that we studied GSH in an animal model of cisplatin neuropathy. The neuropathy was  evaluated by 
measuring the sensory nerve conduction velocity (SNCV) in young adult Wistar rats. (31)
Glutamate-induced changes in intracellular free Ca2+ concentration ([Ca2+]i) 
were  recorded  in single  rat  hippocampal  neurons  grown  in primary culture  by 
employing the Ca2+ indicator indo-1 and a dual- emission microfluorimeter. The. The 
changes  in [Ca2+]i that occur during glutamate-induced delayed neuronal death can 
be divided into three phases triggering phase during which the neuron is exposed to 
glutamate and the [Ca2+]i increases to micromolar levels, followed by a latent phase 
during which the [Ca2+]i recovers to a basal level, and a  final phase that begins with a 
gradual rise  in the [Ca2+]i that reaches a sustained plateau from which the neuron 
does not recover. This delayed Ca2+ overload phase correlated significantly with cell 
death..  Ca2+  increase and subsequent  death were dependent  upon the presence  of 
extracellular Ca2+ during glutamate exposure. Calcium  influx during the triggering 
phase  resulted  from  the  activation  of  both  NMDA  and  non-NMDA  receptors  as 
indicated by studies using receptor antagonists and ion substitution.(32) 
07. ACRYLAMIDE
STURUCTURE NAME: 2 Propenamide;
Group : Amide
Synonyms:  2-Propenamide; Acrylic acid
amide; Acrylic amide;
Propenamide Propeneamide;
Molecular formula: C3H5NO
Molecular weight: 71.08
Physical properties
Colour : White.
State  : Crystalline solid at room temperature
Description:
Melting point:   84.5°
Boiling point:  125°C at 3.33 kPa
Density: 1.122 g/cm3 at 30°C
SOLUBILITY
Chloroform            26.6
Ethanol               862
Ethyl acetate         126
n-heptane             0.068
Methanol              1550
Water                 2155
Acrylamide is a neurotoxin ,which affects  a permanent behavioral syndrome 
in rodents , characteristics by causes ataxia and hindlimb skeletal muscle weakness 
presumably mediated by axon damage in central peripheral distal axonopathy (33)
The  major  metabolite  formed  via  the  cytochrome  P450  pathway  is 
glycidamide.  formation  of  this  metabolite  have  been  observed,  with  acrylamide 
converted to glycidamide to a greater extent in the mouse than in the rat, based on 
urinary metabolitesOnce absorbed acrylamide may be conjugated by glutathione-S-
transferase  (GST)  to  N-acetyl-S-(3--amino-3-oxopropyl)  cysteine  or  it  reacts  with 
cytochrome  P450  (CYP450)  to  produce  glycidamide.  The  neurotoxicity  of 
glycidamide was suppressed by N-acetylcysteine. The expression of cytotoxicity by 
acrylamide  and  glycidamide  was  indicated  to  involve  oxidation  stress(34) Nerve 
termine dysfunction in thalamus, basal gangilia and other forebrain region play a role 
in  the  sensory,  autonomic  and  motor  deficts  are  the  characteristics  of  acrylamide 
induces oxidative stress can result in a series of damage.oxidative stress  can    nucleic 
acid,lipid  and  protein  leading  to  nuclear  damage,  mitochondria  damage  and 
proteasome inhibition.(35)
Antioxidants  that accumulate in the brain  and neural tissue are used in the 
treatment of  disorders involving oxidative damage during diseases progession . Free 
radical  scavanges  have  been  protect  neurons  against   a  variety  of  animals 
neurodegenerative conditions , as well as have been suggested for atteunted the OS .
Acrylamide at higher dose rate produces degeneration of purkinje cell dendrities in 
cerebellar  cortex.  Nerve  terminal  degeneration  occurred  with  somatodendritic 
argryophilia  in  cerebellar  and  brainstem  nuclei  that  receive  afferent  input  from 
purkinje fibres. Intoxification at lower dose produce dendrite, axon and nerve terminal 
argyrophila  and no somatic degeneration (36)
 ACR binds to inhibit the motor protein kinesin. Denovosynthesis of Kinesin 
restores fast anterognide flow in proximal to distal direction. The relative contribution 
of inhibited kin esin cytoplasmic dyein and other axonal protein to the developmentof 
neurotoxicity (37)
AC-induced NF accumulation was detected in the axon of myelinated nerve 
fibers.  In  AC-intoxicated  Quv  qualis,  axonal  degeneration  with  accumulation  of 
membranous organelles occurred (38).
 Alpha Lipoic Acid
,2-dithiolane-3-pentanoic acid
1,2-dithiolane-3- valeric acid
COMPONENT 
Alpha Lipoic acid             C8H14S2O2
Appearance Powder 
Color Yellow 
Odor Odourless 
Boiling point (°C) NA 
Molecular weight                                206.33 
Alpha lipoic acid  is a natural occurring free radical scavenges it is a thiol 
compound  found in animal and plants . It is  a molecules solubility in lipid  and water 
are found in cell membrane. The bioactivity  of alpha lipoic acid to directly react with 
various  reactive  oxygen  species  ,  as  well  as  its  ability  to  interference  oxidation 
processes in the lipid and aqueous cellular compartment taken up by all areas of the 
central  and  peripheral  nervous  system.   It  is  readily  absorbed  from  the  diet  , 
transported  taken up the cell and reduced to DHLA in various tissue including brain .
(39) antioxidant  defense mechanisms and oxidative stress are implicated whether α-
lipoic acid, which has been shown to have substantial antioxidant properties, rat brain 
regions such as cortex, hypothalamus, striatum, cerebellum and hippocampus when
administered LA from systemic circulation into rat brain tissues and understand the 
transport efficiency of lipoic acid across the blood-brain barrier (40)
Alpha lipoic acid and DHLA provide additional benefits beyond their direct 
antioxidant activities. Both act to regenerate other antioxidant molecules, including 
vitamin C, glutathione, CoQ10, and, indirectly, vitamin E.68New research indicates 
that  alpha-lipoic  acid,  along with vitamin C,  improves  endothelial  dysfunction  by 
decreasing oxidative stress.(41) Antioxidants activity of lipoicacid prevent and reverse 
learning and memory deficits induced by free radicals  a--Lipoic acid (LA) and N-
acetylcysteine (NAC) are two antioxidants used to combat oxidative stress-induced 
damage both LA and NAC protect against oxidative stress in peripheral tissues and in 
the central nervous system70(42). In  mitochondria lipoic acid can compensate for the 
low concentrations of glutathione in that organelle, and can chelate heavy metal ions 
that  could  generate  free  radicals.  In  old  rats  supplemented  with  R-lipoic  acid, 
mitochondrial  membrane  potentials  and  oxygen  consumption  have  been  restored 
significantly while at the same time MDA was reduced to un-supplemented level  (43) 
alpha  lipoicacid  of  reactive  oxygen  species  use  in  brain  disorder   GSH depletion 
leads to produce brain damage. α-lipoic acid will prevent the deficits in nerve blood 
flow, oxidative stress, and distal sensory conduction. Because these alterations can 
occur by mechanisms other than augmenting lipid peroxidation in vivo, and because 
both  pro-oxidant  and  antioxidant  effects  of  the  agent  have  been  reported,  we 
undertook studies of in vitro lipid peroxidation of brain and sciatic nerve using an in 
vitro lipid peroxidation model with an ascorbate-iron-EDTA system.(44)  Feeding rats 
the (R)-lipoic acid diet reduced MDA levels markedly Both glutathione and ascorbic 
acid levels declined in hepatocytes with age, but their loss was completely reversed 
with  (R)-lipoic  acid  supplementation.  ALA  induces  a  change   subarachnoid 
Hemorrhage SAH-induced  histopathological  alterations.Increased  brain  edema, 
impaired  blood-brain-barrier  permeability  and  neurological  disorder  improved  by 
ALA.(45) Lipopolysaccharide (LPS) stimulates  the synthesis  and release of reactive 
oxygen  species  that  play  an  important  role  in  the  pathogenesis  of  tissue  injuries 
administration  of  the  antioxidant  alpha-lipoic  acid  (alpha-LA)  on  brain  lipid 
peroxidation,  brain  hydrogen  peroxide  (H(2)O(2))  concentration,  and  brain  total 
sulfhydryl group (-SH group). (46) 
8. LITERATURE REVIEW
Fathia mannaa et al.,(2006)
            Acrylamide is an industrial neurotoxic chemical to evaluate the protective effect of panax  
ginseng extract against ACR induced toxicity in rats  .This result indicated that treated ACR alone 
resulted in a significant increase in lipid peroxidation and LDH activity in brain homogenate as well as  
in serum CKactivity ,decrease SOD,.decrease in Na+ k+ATPase activity in brain homogenate .The 
protective effect  of panax ginseng used to protect acrylamide
Ying-Jian Zhu (2008)
 Time-dependent effects of acrylamide (ACR) on the antioxidative status in rat nerve The 
time-dependent changes of the lipid peroxidation (malondialdehyde, MDA) and antioxidative status 
(glutathione, reductase, GR; superoxide dismutase, SOD and anti-reactive oxygen species, anti-ROS) 
in nerve tissues were investigated. The electrophysiology indices (nerve conduction investigated. 
velocity, NCV; compound action potential duration, CAPD; compound action potential amplitude 
CAPA; compound action potential latency, CAPL) in the sciatic nerve were determined using BL-420E 
Biologic Function Determining System.. Thus, ACRinduced neurotoxicity may be associated with the 
enhancement of lipid peroxidation and reduction of the antioxidative capacity. Depletion of neural 
GSH level might be one of the primary events in ACR-induced neuropathy.
Shuming C et al (2009),
To  evaluate  the  protective  effects  of  antioxidant   against  acrylamide  (ACR)-induced 
neurotoxicity in rats,. Treatment only with ACR resulted in a significant increase in lipid peroxidation 
level,  lactate  dehydrogenase,  and  serum  creatine  kinase  activity,  but  a  significant  decrease  in 
superoxide dismutase activity in brain homogenate. Moreover, serum serotonin, corticosterone, 3, 5, 3'-
triiodothyronine, and L-thyroxine, thyroid stimulating hormone, estradiol,  progesterone,  and plasma 
adrenaline  decreased  significantly  in  ACR  rats.  In  conclusion,  DSS  exhibited  a  protective  action 
against ACR-induced oxidative stress and biochemical perturbations in rats; and treatment with DSS 
during ACR exposure was more effective than after or before ACR treatment.
Palaniyappan Arivazhagan et  al(2003),,The  effect   of   dextro  and levo 
(DL)-a-lipoic acid  on  lipid peroxidation  and  lipids has  been evaluated in  plasma,  
liver, and kidney  of young  and  aged  rats. The levels of thiobarbituric acid reactive 
substances  (TBARS)  and lipids  were  considerably  higher  in  aged rats  compared 
withyounger controls.  Supplementation  of  lipoic  acid  in  aged  rats  prevents the 
elevated levels of TBARS  and  lipids. From our observations, we conclude that lipoic 
acid is very effective in normalizing  age-related alterations in lipids, and it can be 
implemented in the aged to 
minimize age-associated  disorders  of  free  radicals  .
             Goraca  et  al,(2006)  assessed  the  effect  of  ALA   on   LPO,  H2  O2 
concentration, SH contents in the cerebral cortex homogenates in the early stage of 
OS.The administration of ALA after lipopolysaccharide (LPS)- induced OS caused a 
significant  decrease in TBARS and H2O2 concentration compared with the group 
treated with LPS. Treatment of  LPS- injected rats with ALA caused increase in SH 
groups. The early admistration of ALA a significant suppressed symptoms of LPS- 
indused OS , expressed as a decresed in LPO process, h2so4 generation and increase 
in concentration of protein containing thoil groups in the cerebral cortex homogenates 
         
Manda et al., (2007) investigated the  ALA against radiation – induced OS and
antioxidant status in cerebellum and its correlation with cognitive dysfunction. They
observed spontaneous motor activities and spatial meomory task of mice using
pyroelectric  infared  sensor  and  programmed  video  tracking  system,  respectively. 
Whole
body X- irradiation  of mice substantially impared the memory and motor activities of
mice.
              Anna  Gorąca  and  Katarzyna  Asłanowicz−Antkowiak  et  al 
(2008)Lipopolysaccharide   (LPS)  stimulates  the  synthesis  and  release  of  reactive 
oxygen species that play an important role in the pathogenesis of tissue injuries. In 
this study the effect of early administration of the antioxidant α-lipoic acid LA) on 
brain lipid peroxidation,  brain hydrogen peroxide (H2O2) concentration,  and brain 
total  sulfhydryl  group (-SH )  content  was  evaluated  in  rats  with  endotoxic  shock 
induced by administration of LPS
Mehmet Ers¸ahin et al( 2009)
            The  neuroprotective  effect  of  alpha  lipoic  acid  a  dithiol  antioxidant,  on 
experimentally  induced  subarachnoid  hemorrhage  (SAH)  was  assessed  in  Wistar 
albino rats. Neurological examination increased in SAH groups significant increases 
in  the  formation  of  reactive  oxygen  species,  DNA  fragmentation  ratios, 
malondialdehyde levels and myeloperoxidase activity, while significant decreases in 
the  brain  glutathione  content  and Na+,  K-ATPase activity  were observed.  On the 
other  hand,  ALA  treatment  reversed  all  these  biochemical  indices  as  well  as 
SAHinduced histopathological  alterations.  Increased brain edema,  scores were also 
improved  by  ALA  treatment.  The  results  demonstrate  that  ALA  exerts 
neuroprotective  effects  via  the  enhancement  of  endogenous  antioxidant  enzyme 
activity the inhibition of neutrophil  accumulation and free radical the inhibition of 
neutrophil accumulation and free radical generation, suggesting a therapeutic potential 
in reducing secondary injury after SAH in patients impaired blood-brain-barrier 
permeability and neurological neuropathy.
09. AIM AND SCOPE
     The importance  of the health  is  becoming implicated  as  a  cause  of  an increasing  number of  
illnesses,  if  toxins  from chemicals  and  diseases  overwhelm the  brain.  Acrylamide  is  present  as  a 
contaminant in the human diet  in heated food products and It  is widely used as chemically active 
substance has caused  delayed  distal  neuropathy in man and in experimental  animals.  Human-adult 
intake of acrylamide at about 70 micrograms per day, less than a hundredth of the amount needed to 
damage nerves in a rodent. Acrylamide is a small organic molecule with high water solubility. It has 
the property of rapid absorption and distribution throughout the body. Exposure to acrylamide produces 
a distal axonopathy (also known as "dying-back" neuropathy).Acrylamide induces a wide toxicological 
profile  in  brain  .The  neurotoxic  potential  of  acrylamide  is  oxidative  stress  which  stimulates  the 
imbalance reactive oxygen species production and antioxidant capacity in brain cell. 
 Free  radicals  are  the  products  of  normal  cell  processes.  The source  of  their 
devastating actions is the oxygen molecule’s unpaired electron, which makes it 
unstable  and  electrically  charged.  It  becomes  stable  by  interacting  with  the 
nearest  available  molecule  like  lipids,  proteins  and  DNA.  Scientists  have 
discovered that the free radical’s actions can damage molecules they react with 
and sometimes cause the cell’s demise. OS has been linked to premature aging. It 
has  also  been  cited  as  a  performance-limiting  factor  in  physical  activity.  
Preventing  or  reducing OS may result  in  a  healthier  old  age.  Scientists  have 
discovered that some people with mental illness may be under OS. This may lead 
to a loss of some types of fatty acids from the brain, leading to problems in brain 
function and ultimately disturbances in the person’s behaviors. The body contains 
chemicals called antioxidants which reduce OS. Vitamins such as Vit C and Vit E, 
both of which are found in foods which is available as supplements, also reduce 
the damaging effects of OS. Unfortunately they do not work effectively in the 
brain, and are not suitable for the treatment of brain diseases. Alpha lipoic acid is 
a natural antioxidant containing thiol group present in diet which is redisly taken 
by the cells.Literture data suggest that ALA is effective in both prevention and 
treatment  of  oxidative  stress  in  a  animal  model  including  injury  of 
neurodegenerative diseases. Due to presence of two thiol groups in its structure 
effective in antioxidant properties promotes the neuroprotective effects of ALA. 
Although sufficient evidence is available to support the antioxidant function of 
ALA but no reports are available suggesting the role of ALA against acrylamide 
induced  cognitive  dysfunction  and  its  correlation  with  brain  cell  oxidative 
stress.The present study was to undertaken the protective effect of alpha lipoic 
acid against the acrylamide induces oxidative stress in rat brain
10. MATERIALS   AND   METHODS
CHEMICALS, REAGENT  AND   EQUPMENTS
5,5- dithiobis-2-nitrobenzoic acid(6mM)
Acetic acid solution(20%)Ph 3.5.
ALA.
Ammonium sulphate(2m).
Bathophenanthoraline(0.2%).
Bovine albumin.
Chloroform.
Cooling centrifuge.
Copper chloride(8M).
Cumene hydroperoxide(12Mm).
Digital microscope.
Distilled water.
EDTA(0.01%).
Ethanol(50,70,95 and 100%).
Ether.
Ferric chloride(0.001M).
Formalin(10%).
GR
GSH(0.01M).
H2O2(0.066M).
H2SO4.
Hematoxylin-eosin.
KCL(0.88%).
Methonal.
NADPH(1Mm).
NBT.
N-butanal.
Normal saline.
O- phosphoric acid (0.001M).
Perchloric acid (0.2M).
Petroleum ether.
Phosphate buffer.
Phosphovanilin Reagent.
Pyridine.
Reduced nicotinamide adenine dinucleotide phosphate(0.3Mm).
Serum.
Sodium carbonate(0.4M).
Sodium dodecyl sulphate(8.1%).
Spectrophotometer.
Sulphuric acid(65%).
TBA(0.8%).
Teflon- glass tissue homogenizer.
Tricarboxalic acid(5%).
Tris Hcl buffer(0.1M)
Triton-X 100.
Xanthine(0.3Mm).
Xanthine oxidase.
Xylene.
ANIMALS
Adult male Wister rats, approximately weighing : 100-120g were housed in a 
temperature  controlled  room and  maintained  on12:12  light/dark  cycles  ,with  free 
access to food and water .the animals were handled according to the principles of 
laboratory care framed by the committee for the purposes of control and supervision 
of  experiments  (CPCEA),  Chennai  ,  Govt  of  India.  The experiment  protocol  was 
reviewed and approved by the institutional committee.
DRUGS AND CHEMICAL
               Acrylamide and ALA  were purchased from sigma Aldrich chemical 
company  (Bangalore  ,India)and  Hi-media  lab  (nasik,  INDIA)  respectively   The 
remaining chemicals will be of analytical grade .
DOSING AND TREATMENT
            Animal are divided into four groups of six rats each as follows
GroupA :
              Control rat received saline (2ml/kgbody weight) for 12 days
GroupB:
              Rats  receives acrylamide (50mg/kg bodyweight)dissolved in saline and 
administered interperitonally for 12 days.(47)
GroupC:
            Rats receives Alphalipoic acid (100mg/kg body weight/day) dissolved in 
saline and administered  by oral guage once daily administration 30min before 
Acrylamide 50mg/kg for 12 days
GroupD:
             Rats receives  Alphalipoicacid (100mg/kg bodyweight )alone for 12 days.
BIOCHEMICAL STUDIES
For  biochemical  studies,  rats  were  sacrificed  by decapitation.  Brain 
tissues were cleared of adhering fat, cut into fragments and immediately homogenized 
to a known volume of 0.1 M Tris HCl buffer (pH 7.4), by a motor driven teflon-glass 
tissue homogenizer. The homogenate was centrifuged in refrigerated centrifuge at 300 
x g for 15 min and aliquots of this homogenate were used for the assays the blood is  
collected and the serum is separated used for biochemical studies.
ESTIMATION OF MARKER ENZYME
i. SGPT
The method of Reitman and frankeletal (1957) (48)s adopted for the assay of 
aspartate transminase.
2.66 gm of DL Asparate and 38 mg of α – Oxalaglutrate were dissolve in 20.5 
ml of 1 N NaOH with gentle heating. This was made up to 100 ml with buffer.
The enzyme activity was expressed as IU/I for serum and µ moles of pyruate 
liberated.h/mg/protein for tissue.
ii. SGOT
The reagent and method used were the came as those used for th4e assay of 
asparte transamines except for the substrate solution and incubation time was reduced 
to 30 min. 
Substrate: 1.78 gm of DL – Alanine and 38 mg of α – Oxalaglutrate were 
dissolve in buffer 0.5ml of NaOH was added in a volume was made upto 100 ml with 
buffer the enzyme activity was expressed  as IU/I for serum and µ moles of pyruate 
liberated.h/mg/protein for tissue.
iii.  LDH
Lactate Dehydrogenase was assayed according to the method of king el al 
(1965) (49)951 2.76 gm of lithium lactate was dissolved in 125 ml of glycine buffer 
containing 75 ml of 0.1 NaOH solution. 
The activity of the enxyme was expressed as IU/I for serum and µ moles of 
pyruate liberated.h/mg/protein for tissue.
 ENZYMATIC ANTIOXIDANT ESTIMATION
i.    SOD
SOD activity  in  brain  was  assayed  spectrophotometrically  as  described  by 
Durak et al., 1996. (50)
Briefly,  2.8  ml  of  reactive  mixture  [xanthine  0.3  mM,  EDTA 
(ethylenediaminetetraacetic  acid)  0.67 mM, 150 μM nitrotetrazolium blue chloride 
(NBT), sodium carbonate 0.4 M, bovine albumin 30 mg/30 ml] is added to 0.1 ml 
sample and 50 μl xanthine oxidase (10 μl in 2M ammonium sulphate), incubated at 
25°C for 20 min. and mixed with 0.1 ml 8 M copper chloride. The colour reaction was 
measured at 560 nm.
ii. CAT
CAT activity in brain was assayed following the procedure of Aebi, 1984 (51)
A total of 100 μl of tissue extract was placed in an ice bath for 30 min and 
then for another 30 min at room temperature. A total of 10 μl Triton-X 100 was added 
to  each tube.  In  a  cuvette  containing  200 μl  phosphate  buffer  and 50μl  of  tissue 
extract, 250 μl of 0.066 M H2O2 was added (in phosphate buffer) and a decrease in 
optical density was measured at 240 nm for 60s. The molar extinction coefficient of 
43.6 M/Cm was used to determine CAT activity. One unit of activity is equal to the 
moles of H2O2 degraded/min per mg protein.
iii. GPx 
GPx was determined by the modified procedure of Flohe and Gunzler, 1984.
(52) 
A reaction mixture consisting of 700μl phosphate buffer (0.05 M containing 
0.01 mM EDTA, PH 7.0), 100 μl 0.01 M GSH (reduced form), 100μl 1 mM NADPH, 
and 100 μl  glutathione  reductase  (GR) (0.24 units)  was used.  Serum (50 μl)  was 
added to the reaction mixture and incubated at 37°C for 10 min. Then 50 μl of 12 mM 
cumene hydroperoxide was added to the reaction mixture and the absorbance was 
measured  at  340  nm  for  180s  on  a  spectrophotometer.  The  molar  extinction 
coefficient of 6.22×103cm/l was used to determine the activity of GPx. One unit of 
enzyme activity is equivalent to 1 mM of NADPH oxidized/min/mg serum protein.
b. Non-Enzymatic Antioxidant Estimation
i. GSH 
The measurement of GSH was done enzymatically according to the procedure 
reported by Griffith ., 1980.(53)The tissue was homogenized in ice-cold perchloric 
acid (0.2 M) containing 0.01% of EDTA. The homogenate was centrifuged at 1700 
rpm  for  10  min.  The  enzymatic  reaction  was  started  by  adding  100  μl  of  clear  
supernatant  in a spectrophotometric  cuvette  containing 800 μl of 0.3 mM reduced 
nicotinamide  adenine  dinucleotide  phosphate,  100  μl  of  6  mM  5,5-dithiobis-2-
nitrobenzoic  acid  and  10  μl  of  50  units/ml  GR  (all  these  reagents  were  freshly 
prepared  in  a  phosphate  buffer  at  pH 7.5).  The absorbance  was  measured  over  a 
period of 4 min. at 412nm at 30°C. The GSH level was determined by comparing the 
rate of change of absorbance of the test solution with that of standard GSH. 
c. Lipid Peroxidation (LPO)
LOO• were estimated in the brain by the method of Okhawa et.al (54)sing a 
modified test using MDA as the standard. 
To determine LPO, 10% homogenate was prepared using 0.01 mol/l Tris–HCl 
buffer, pH 7.4 and was used immediately. Briefly, 0.1ml of homogenate was added to 
the test tube containing 0.2ml of 8.1% sodium dodecyl sulphate (SDS), 1.5 ml of 20% 
acetic acid solution, pH 3.5, and 1.5 ml of 0.8% TBA (thiobarbituric acid) solution. 
The mixture was diluted to 4.0 ml with distilled water and heated at 95°C for 60 min. 
After cooling on ice, the samples were extracted with 4.0 ml of mixture of n-butanol 
and pyridine (15:1, v/ v). After centrifugation at 3000 rpm for 10 min, the organic 
phase was collected and the absorbance was measured at 532 nm. The concentration 
of 2-TBA was determined using the extinction coefficient of 1.56×105l/m cm. The 
results were expressed as nanomoles of MDA released per milligram protein.
HISTOPATHOLOGICAL STUDIES
For  histopath  studies  the  brain  tissue  fixed  in  formalin  for  4  days  and 
dehydrated in 50,70,95and 100%  ethonal, 20 min. each time, and then submerged in 
xylene  twice,  10  min.  each  time.  Then  sections  was  taken  and  stained  with 
Hematoxylineosin. Digital microphotographs were taken at 400X Magnification.
STASTICAL ANALYSIS
All data were expressed as mean-+SD of number of experiments (n=6). The 
statistical  significance  was  evaluated  by  one-way  analysis  of  variable  (ANOVA) 
using SPSS version 13.0 (SPSS) and the individual  comparison were obtained.  A 
value of P<0.05 was considered to indicate a significant difference between groups.
11. RESULTS
A table 1 represent the activity of SGPT, SGOT and LDH were significantly 
(P < 0.05) Increased the activity of acrylamide. a group B were compare to group A. 
the levels reversed  by the ACR + ALA co-treated rats (Group C) which shows the 
alteration  the  levels  when  compared  to  ACR  induced  rats  (Group  B).  The  Rat 
receiving  ALA  alone  (Group  D)  does  not  shown  any  significant  changes  when 
compare to control rats      (Group A). indicating that to does not have any adverse 
effect
A table 2 represent the activity of SOD, GPX, CAT, GR were significantly 
(P < 0.05) Increased the activity of acrylamide. a group B were compare to group A. 
The levels reversed  by the ACR + ALA co-treated rats (Group C) which shows the 
alteration  the  levels  when  compared  to  ACR  induced  rats  (Group  B).  The  Rat 
receiving  ALA  alone  (Group  D)  does  not  shown  any  significant  changes  when 
compare to control rats     (Group A). indicating that to does not have any adverse 
effect
Graph 1 shown the level of GSH, were significantly (P < 0.05) reduced in 
brain tissue of ACR induced rats (Group B) and compare to control rats (Group A). 
the GSH level is reversed by ALA + ACR co-treated (Group C) which shows the 
alteration in the level and compared to ACR induced rat (Group B) the rate receiving 
ALA alone       (Group D) does not show any significant change when compare to 
control rats (Group A) indicating that to does not have any adverse effect
Graph 2 shown the level of LPO, were significantly (P < 0.05) increase in 
brain tissue of ACR induced rats (Group B) when compare to control rats (Group A). 
the LPO level is reversed by ALA + ACR co-treated (Group C) which shows the 
alteration in the level and compare to ACR induced rat (Group B) the rate receiving 
ALA alone        (Group D) does not show any significant change when compare to 
control rats (Group A) indicating that to does not have any adverse effect
Table 1:  Effects of ACR and  ALA on the activities of Marker enzyme in rats
GROUP
Parameters
SGPT
(Units/IU/L)
SGOT
(Units / IU/L)
LDH
(Units / IUgm-1)
Group A
(Control) 4.70 ± 0.14 0.80 ± 0.10 2.35 ± 0.10
Group B
(ACR) 5.68 ± 0.14
 a* 3.45 ± 0.18 a* 3.45 ± 0.18 a*
Group C
ACR+ALA 4.81 ± 0.09
 b* 1.00 ± 0.05 b* 2.65 ± 0.10 b
Group D
ALA 4.55 ± 1.78
 ns 0.75 ± 0.18 ns 2.41 ± 0.16 ns
Result are expressed as mean ± S.D for six rats
a) comparison are made between Group A and Group B
a)  comparison are made between Groups B and Group C
a) *Statistically significant (P<0.05)
NS : Statistically  non –significant 
Group A : control (normal saline)
Group B: Induced (ACR 50mg/kg)
Group C :Treated ( ACR+ALA,50/kg+100mg/kg)
GroupD :Drug alone (ALA 100mg/kg)
Table 2. Effects of ACR and  ALA on the activities of antioxidant in rats Brain
Parameters
GROUP
SOD
(Units / mg 
protein)
GPX
(Units/ µ moles 
min-1 gm-1 
protein)
GR
(Units / n 
moles min-1 
gm-1 protein)
CAT (Units 
mg gm-1 
protein)
2.58 ± 0.23 4.43 ± 0.07 0.24 ± 0.01 3.19 ± 0.05
Group B
(ACR) 0.88± 0.05 
a* 2.42 ± 0.08 a* 0.12 ± 0.013 a* 1.39 ± 0.45 a*
Group C
ACR+ALA 2.02 ± 0.11
 b* 3.76 ± 0.18 b* 0.20 ± 0.05 b* 2.76 ± 0.51 b*
Group D
ALA 2.48 ± 0.23
NS 4.54 ± 0.04  NS 0.23 ± 0.01 NS 3.30 ± 0.06 NS
Result are expressed as mean ± S.D for six rats
a) comparison are made between Group A and Group B
b)  comparison are made between Groups B and Group C
c) Statistically significant (P<0.05)
NS : Statistically  non –significant 
Group A : control (normal saline)
Group B: Induced (ACR 50mg/kg)
Group C :Treated ( ACR+ALA,50/kg+100mg/kg)
GroupD :Drug alone (ALA 100mg/kg)
Graph 1:  level of GSH in the rat brain tissue of the experimental groups
Result are expressed as mean ± S.D for six rats
a) comparison are made between Group A and Group B
b).  comparison are made between Groups B and Group C
c).  *Statistically significant (P<0.05)
 NS : Statistically  non –significant 
Group A : control (normal saline)
Group B: Induced (ACR 50mg/kg)
Group C :Treated ( ACR+ALA,50/kg+100mg/kg)
GroupD :Drug alone (ALA 100mg/kg)
Graph II:   level of LPO in the brain tissue of the experiment
Result are expressed as mean ± S.D for six rats
a) comparison are made between Group A and Group B
b*
a*
a*
b*
      b). comparison are made between Groups B and Group C
      c). *Statistically significant (P<0.05)
NS : Statistically  non –significant 
Group A : control (normal saline)
Group B: Induced (ACR 50mg/kg)
Group C :Treated ( ACR+ALA,50/kg+100mg/kg)
GroupD :Drug alone (ALA 100mg/kg)
Histopathological evaluation of region of rat brain of the experimental groups 
        A CONTROL (Normal Saline)    B  INDUCED  (ACR)(50mg/ 
kg)
 
C TREATMENT (ACR + ALA)                   D DRUG ALONE (ALA)
(50mg +100 mg/ kg) (100 mg/ kg)
12 . DISCUSSION
Substantial evidences suggest that free radical mediated OS play a pivotal role 
in acrylamide induced neurotoxicity (55). Acrylamide is reported for the production 
of  enormous  free  radicals  such  as  superoxide,  .OH  and  non-free  radicals  like 
hydrogen  peroxide  acrylamide  is  rapidly  metabolized  primarily  by  glutathione 
conjugation and the majority of metabolism of acrylamide in the body may result in 
the  generation  of  reactive  oxygen  species  which  plays  an  role  in  the  stress  of 
acrylamide(56)  Acrylamide  is  a  well-known  organic  chemicals  with  high  water 
solubility  which  plays  a  vital  role  in  central  and  peripheral  distal  axonopathy 
Oxidative stress is described as overcoming effect of prooxidants on the endogenous 
antioxidant of cells, leading to pathological consequences in brain. Although the cells 
are  equipped  with  various  free  radicals  scavenging  systems  to  combat  OS,  an 
excessive generation of free radicals may overwhelm the antioxidant defense resulting 
in membrane disruption and cellular damage (57) 
Hence, the supplement of exogenous antioxidants might reverse acrylamide 
induced neurotoxicity by scavenging free radical and rescuing the antioxidant status 
in rat brain. which might be responsible for oxidative stress. PUFA undergo the free 
radical mediated oxidation which results in the formation of conjugated dienes that 
leads to the propagation (chain reaction) of LPO, thereby producing peroxy radicals. 
The levels of antioxidants have been increased in case of ALA treated rats which 
might be attributed to scavenging effect of free radicals.  ALA is readily absorbed 
through the gut and easily able to traverse the blood brain braier to protect against 
brain oxidative  stress.  As an antioxidant,  ALA and its  reduced form,  DHLA  are 
capable  of  quenching  reactive  oxygen  and  nitrogen  species  such  as  .OH,  ROO•, 
superoxide, (58) ALA is recognized to scavenge .OH which is reported to be more 
pronounced in brain oxidative stress conditions.(59) Of all the tissues in the body, the 
brain contains relatively high levels of PUFA that are particularly good substrates for 
LPO (60) Moreover, its high oxygen consumption makes it more vulnerable to attack 
by free radicals(61) Thus LPO of cell membranes leads to a cascade of events that 
produce  radicals  of  which  are  highly  destructive  to  macromolecules  as  well  as 
disruptive  to  key  neurological  functions.  The  observed  increase  in  LPO,  as 
determined by the measurement of MDA level which is the characteristic biochemical 
hallmark  of  LPO,  has  been  shown  to  be  significantly  increased  in  acrylamide 
intoxicated brain which is in consistent with the previous reports (62). ALA treatment 
reversed  the  MDA  level,  which  may  be  due  to  its  membrane  stabilizing  and 
antioxidant effect (63)
Thus  LPO  of  cell  membranes  leads  to  a  cascade  of  events  that  produce 
radicals of which are highly destructive to macromolecules as well as disruptive to 
key neurological  functions.  The  observed  increase  in  LPO,  as  determined  by the 
measurement of MDA level which is the characteristic biochemical hallmark of LPO, 
has been shown to be significantly increased in acrylamide intoxicated brain which is 
in consistent with the previous reports(64).. ALA treatment reversed the MDA level, 
which may be due to its membrane stabilizing and antioxidant effect.
Several studies revealed that ALA improves the GSH levels and plays a vital 
role in antioxidant defense, because it possesses not only direct radical-scavenging 
ability but also is an essential component of GPx system, which eliminates different 
hydro peroxides without producing free radicals(65)..
A correlation  exists  between the  efficacy of   cellular  repair  processes  and 
cellular  defenses termed ‘antioxidants’ towards maintaining normal  homeostasis  in 
vivo,  thereby contributing towards longevity.  The antioxidant  system (AOS) spans 
over a wide range of mechanisms such as enzymic (AOS) which includes SOD, , GPx 
and non-enzymatic such as GSH (66) Superoxide dismutases (SOD) are an important 
part of the antioxidative enzyme network aimed at preventing toxic effects of free 
radicals, especially superoxide anions. SOD dismutates superoxide to H2O2. H2O2 is 
one of the most active oxygen species(67). 
The reduction in the activities of SOD might, therefore, result in a number of 
deleterious  effects  due  to  the  accumulation  of  super  oxide  radicals  and hydrogen 
peroxide (68). GPx is involved in the defense mechanism against oxidative damage 
and it reduces H2O2 at the expense of GSH in mammalian cells. It is more important 
than  CAT for  removing  H2O2 .  Acrylamide  intoxication  hampered  the  levels  of 
enzymatic  antioxidants  (SOD,  CAT and  GPx),  while  ALA treated  rats  displayed 
normalcy in these parameters, which reflects the effective anti-radical and antioxidant 
properties of ALA, that is aligned with the previous report ®.(69). 
GSH  is  the  predominant  intracellular  non-protein  sulphydryl  antioxidant  and  its 
depletion increases vulnerability of cell to oxidative stress. GSH present in the cell 
thwarts peroxidative damage (70). Tissue GSH concentration alone is an important 
indicator  of  antioxidant  status.  Acrylamide  exposure  culminated  in  the  decline  of 
GSH in our study which is in agreement with previous reports.(71) 
Several  studies show that  ALA plays  an important  role in improving GSH 
status by increasing cysteine uptake and utilization through de novo synthesis (72) It 
is well known that ALA replenishes GSH through the reduction of their radicals via 
the redox cycle  which is  critical  for neuronal  function  (73).  Moreover,  ALA also 
restores GSH content by inducing GSSG reduction(74). These evidences support the 
observation in our present study in which the levels of enzyme systems such as SOD, 
CAT, GPx and nonenzymatic antioxidants such as GSH were increased which might 
have significantly precluded LPO. in ALA treatment groups. 
13. SUMMARY  AND CONCLUSION
Our study is an effort to evaluate the neuroprotective effect of ALA by studing 
the biochemical parameter such as enzymatic and non enzymatic antioxidant ,GSH , 
LPO
and  total  lipid  content  as  will  as  histopatholocial  Alteration  observed  in  case  of 
Acrylamide induced rat brain.
The  out come of our investigation is summarized as below
The level of SGPT , SGOT and LDH is increased in ACR induced rat when as 
the levels are reduced in ALA treated rats enzyme antioxidant (SOD, GPX,)  and non 
antioxidant  (GSH, GR )  was found to  be declined  in  case of  acrylamide  induced 
rats  .ALA treatment challenging with acrylamide brought back to normal  level  by 
protecting the cell membrane intergrity.
An elevation in the level of the MDA  was observed which is an indicator of 
membrane  lipid  peroxidation  in  ACR  induced  rat  and  it  was  reversed   by  the 
supplement of the ALA.
Histopatholocigal report  Shows neuronal cell  degeneration in ACR induced 
and the cell recovery is observed on ALA treatment.
Thus from our study we came to concluded that OS imposed by acrylamide 
resulted pronounced neurotoxicity in rats .In the contrast ,ALA treated rat showed 
normalization of the oxidative parameters.This Snapshot throws light on the fact that 
the  ALA  might  be   beneficial  in  the  OS  medicated  neurotoxicity  provoked 
byacrylamide .Further comprehensive studies in the neurotoxicity of acrylamide are 
under way.
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